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® Thermoplastic composite fasteners. 



0 Methods and fastener* are provided for Joining 
thermoplastic articles and for connecting a single 
thermoplastic article to a non-thermoplastic sub- 
strate, A first thermoplastic article ( 10) and a second 
thermoplastic article (12} can be pieced against each 
other, and then located adjacent portions of the 
articles are heated preferably with an ultrasonic heat- 
Ing device, A sharpened end (32) of a thermoplastic 
fastener (30) Is driven through the heatad areas (20. 
22) of the first thermoplastic article (10) and the 
second thermoplastic article (12). Upon eooGng of 

^.the heated areas (20, 22) of the first thermoplastic 

particle and the second thermoplastic article, those 
articles are rocked to the thermoplastic fastener 00) 

JJJby fusion of the contacting surfaces of the articles 

Q^end fastener. 

00 
CD 
N 

O 

& 




EuropJUschea Patentamt 
European Patent Office 
Office europlen des brevets 




Xerox Copy Centre 



0 288 957 



2 



THERMOPLASTIC COMPOSITE FASTENEB8 



Background Of The invention 

V Field Of The Invention 

The Invention relates to thermoplastic fasteners 
for joining articles, and particularly to fiber rein- 
forced thermoplastic composite fasteners. 



2. Description Of The Prior Art 

The prior art Includes a number of plastic fas- 
teners which are tita&d in combination with heat 
to Join article*. Some of these fasteners include 
fiber reinforcing materials. 

For example, U. 8. Patent Nc. 4,478,544 to 
Strand discloses a composite rivet having a ther- 
moset matrix with carbon fiber reinforcing. The 
rivet is placed through preformed holes in two 
sheets which are to be Joined, and then an en- 
larged head Is formed on the rivet by the applica- 
tion of heat and pressure, » 

it is also known that plastic fasteners can be 
deformed through the use of ultrasonic heating 
devices, as shown In U< 8. Patent No. 3,488,808 to 
Obeda. 

The art Includes sharpened plastic fasteners 
such as staple*, as seen In U. 8, Patent No, 
4,281,785 to Brooks. The plastic staples of Brooks 
are not reinforced. The staple* are driven through 
layers of fabric and then heated to join the two legs 
of the staple and hold the same in place. 

U. 8. Patent No. 4,476,881 10 Lewie discloses 
the use of thermoplastic thread or thermoplastic 
staples to Join thermoplastic sheets, 

U. 8. Patent No. 4,582,238 to Hiroee discloses 
the use of synthetic resin tacks or staples which 
are driven through preformed holes In adjacent 
sheets of material and then heated to form rivet 
heads* 

In afl of the examples discussed above, the 
fastener Is either placed through a preformed ap- 
erture, or a sharpened fastener Is driven through a 
relatively pliable material without the prior applica- 
tion of any heat. The methods descrtoed In the 
cited references are not suitable for joining articles 
where one of the articles la a thermoplastic article 
which does not have a preformed aperture for 
receiving the fastener Sand which Is of sufficient 
thickness and strength that a fastener cannot be 
readily driven therethrough. The present invention, 
however, provides methods and fasteners directed 
to just such a situation. 



Summary Of The Invention 

The fastening of fiber reinforced com poshes for 
the aerospace Industry requires fasteners and fas- <? 

6 toning methods that provide light weight high 
shear resistance and a low stress on the compos- 
ite. The instant invention provides a fiber rehtforoed 
rivet or naO and method Of use that provides the 
desired charac tertstics. Additionally, the rivet may 

10 be locked In place by a fusion bond with the 
composite material* 

The method In one preferred embodiment in- 
cludes the steps of placing a first thermoplastic 
article against a second thermoplastic article, and 

t* then heating adjacent portions of the first and sec- 
ond articles. Then a sharpened end of a thermo- 
plastic fastener Is driven through the heated areas 
Of the first and second srticiea and the heated 
areas are then allowed to cool thus looking the 

so fastener to the first and second articles. The semi- 
molten heated areas of the first and second articles 
fuse to the thermoplastic fastener upon oooGng of 
the heated areas, even if no additional heat is 
applied to the ends of the fastener to form an 

26 enlarged head or the like. The method can. how- 
ever, also. Include steps of subsequently heating 
the ends, of the fastener and forming enlarged 
heads thereon ► 

The fastener Itself Is preferably 8 fiber re* 

so Inforcsd fastener which Includes a. plurality of con* 
llnuous substantially parallel reinforcing filaments m 
a matrix of thermoplastic material defining an elon* 
gated shape sharpened at one end thereof. 

Numerous objects, features and advantages of 

38 the present Invention will be readily apparent to 
those skilled In the art upon a reading of the 
following disclosure when taken In conjunction with 
the accompanying drawings. 

40 

Brief Description Of The Drawings 

RGS. 1-5 represent a sequential series of 
steps illustrating the methods of the present Inven- 
ts tion. 

RG, 1 Is a schematic sectioned elevation 
view of first and second fiber reinforced thermo- 
plastic sheets laid one upon me other. 

RG. 2 shows an ultrasonic heating device 
00 placed against the upper one of the two sheets of 
RQ. 1 to form heated portions In the first and 
second thermoplastic sheets as shown In phantom 
lines. 
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In FIG, 3, a sharpened elongated rod of fiber 
reinforced therrncptestic material has been driven 
through the heated portions of the thermoplastic 
chests. 

m Fia 4, the rod has been severed a short 
dstance above the upper sheet to define a severed 
fastener. 

in Fie. 5, the end* of the fastener of FtG. 4 
have been heated and molded to term enlarged 
haade. 

FIG. 6 is a plan sectioned view taken along 
tfnes 6-6 of FKx 3 showing the location of the 
fastener In the center of the circular heated por- 
tions. 

RGS. 7 and 8 are similar to RQ8. 4 and 6 
and represent an alternative embodiment of the 
present invention. 

In Ra 7, a thermoplastic nail or rfvet with an 
enlarged head on one end and a sharpened point 
on the other end has been driven through the 
heated portions of the two thermoplastic sheets. 

In RG & the sharpened lower end of the nail 
of AG, 7 has been heated and formed Into an 
enlarged head adjacent the lower sheet of thermo- 
plastic material 

FIG, 9 shows another alternative embodi- 
ment of the present Invention wherein a single 
layer of thermoplastic materiel has been connected 
to a non-thermoplastic underlying substrate. 

HQS. 10 and 11 are similar to FIGS. 4 and 9 
end represent another alternative embodiment of 
the present Invent! oa 

In R& 10, a thermoplastic nalt or rivet with 
an enlarged head on one end and a sharpened 
point on the other end has been driven through the 
heated .portion of an upper thermoplastic sheet, 
and through a preformed aperture In a lower metal- 
lic sheet 

In R<3. 1 1 , the sharpened lower end of the 
nail of FK3. 10 has been heated and formed into an 
enlarged head adjacent the lower sheet of metallic 
material. 



Detailed Description Of The Preferred Embodi- 
ments . 

Referring now to RGS. 1-5, the preferred meth- 
od of joining thermoplastic articles En accordance 
with the present invention will be described. 

In FIG. 1. a first sheet of fiber reinforced ther* 
moplastlc material 10 has been laid upon a second 
sheet 12 which can be thsrmoplasfic or another 
material such as metal. The sheets 10 and 12 may 
be generally referred to as first and second arti- 
cles. An interface 11 is defined where sheet 10 
engages sheet 12. 

If desired, each of the sheets such as sheet 10 



may Include a thermoplastic matrix 14 with a plu- 
rality of reinforcing fibers such as 10 and 18 held In 
the matrix 14. The fibers 18 and 1B may comprise 
a woven sheet of fabric-type reinforcing material. 

5 Alternatively/ the fibers could be in the form of a 
random mat with relatively long fibers lying sub- 
stantially flat in the plane of the sheet 10 in an 
otherwise random orientation. 

As is apparent in RG. 1 , the reinforcing fibers 

to 16 and 18 Qe substantially parallel to the plane of 
the sheet 10. For purposes of ease of Illustration of 
other features of the invention, the reinforcing fi- 
bers audi as 16 and 18 of the layers 10 and 12 
illustrated In FIG. 1 have not been Illustrated in the 

ra remaining figures* 

FIG. 2 illustrates the step of heating portions 20 
and 22 of the first and second sheets 10 and 12 
adjacent the interface 11. This is preferably accom- 
plished by placing a heating element 24 of an 

20 ultrasonic heating gun 28 against an upper surface 
28 of the upper thermoplastic sheet 10 to heat only 
a small area thereunder. The heating element 24 Is 
held In place against sheet 10 for a sufficient time 
to heat portions 20 and 22, and then the heating 

«s element 24 rs removed. 

The heating of portions 20 and 22 may gen- 
erally be described as heating the portions 20 and 
22 sufficiently to soften them. If the particular ma- 
terial Involved has a distinct melting point, it may 

so be preferred, although not necessary, to heat that 
material to a temperature above Its melting point 

Then as shown In FIG. 3, a length of thermo- 
plastic fastener material 30, preferably havtag a 
sharpened lower end 32, is driven or positioned 

is through the heated portions 20 and 22 of first and 
second articles 10 and 12. U one of the sheets, 
such as sheet 12. is metal or other non-plastic 
materia]. It may be necessary to form a hole in 
sheet 12 through whfch the fastener material 30 

40 can be received; aee, for example, the alternative 
embodiment of RGS, 10 and 1 1 discussed below. 

As laustrated In RG. 3, the length of fastener 
material 30 Is constructed from a thermoplastic 
matrix 34 having a plurality of substantially parallel 

<5 reinforcing filaments 86 therein oriented parallel to 
the length of the fastener material 30 and continu- 
ous for the length of the fastener. It is preferable, 
but not necessary, that the thermoplastic matrix 34 
of fastener material 30 be constructed of the same 

so type Of thermoplastic material as the sheets 10 and 
12. It is noted that even when sheets 10 and 12 
and tastener 34 use the same type of thermoplastic 
material, eg., poiyphenylene sulfide, there may be 
some variation In properties due to different for* 

66 mlng processes to which the sheets and fastener 
material have been subjected. 

As best seen m RG. e, which Is a plan sec- 
tioned view taken along line W of FIG. 3, the 
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length of materia! 30 Is preferably cylindrical In 
shape end has a cross-sectional ansa slightly small- 
er then the heated sroas 20 and 22. 

As shown In FIG. 4, when uflltefng the length of 
fastener material 30. the material 30 is than cut or 
otherwise severed on a sfde of the first and second 
sheet* 10 and 12 opposite the sharpened and 32 
to thus define a second end 38 of a severed 
fastener 40 extending through the first end second 
sheets 10 and 12. The feotener 40 can generally 
be referred to as a nan or rfvet 40. 

It is possible to terminate the process at this 
porni aOowiTig the heated portions 20 and 22 of the 
first and second articles to cod thereby oecuring 
the nail 40 in place as shown in HQ. 4. Due to the 
semi-molten state of the heated portions 20 end 23 
when th$ nail 40 is first driven therethrough, on 
outer surface 42 of nail 40 wID also be softened tor 
a IFme W that upon cooling, the nail 40 lo secured 
■to the thermoplastic metric materiel of sheets 10 
end 12. 

Pertfcuterly If the heated portions 20 end 22 
have been heated to above the melting point of the 
ftermo plastic matrix material off sheets 10 and 12* 
the outer surface 43 of nsll 40 wflj generally also 
be melted so that ftere Is actual fusion of the outer 
surface 42 of nail 40 to fh© thermoplastic matrix 
material of sheets 10 and 12. 

It msy thus be desirable in some Instances that 
foe pteotio matrix 34 of the fastener material SO 
have a lower melting or ooftening point than the 
material forming the matrix ef the eheete 10 and 
t2. Also, ft may be desirable to provide the ties* 
toner material 30 with a roughened outer surface 
for additional holding strength. The cooling can be 
accomplished reaso nably quickly by allowing the 
sheets 10 and 12 to cool under ambient atmo- 
spheric conditions. 

Although in many applfoatlens, the strength of 
the connection of sheets 10 and 12 provided by 
the nail 40 as shown in FIG, 4 may be sufficient, 
optionally the sharpened end 30 and second end 
38 of nail 40 con be hasted to soften them and 
then the ends 32 and 38 can be postformed to 
form enlarged rivet heads 44 end 48 which them- 
selves wHl be fused to the sheets 10 and 12, 
respectively. The enlarged heads 44 and 46 may, 
tor example, be formed with ultrasonfcalfy heated 
head-terming dies 4S and 50 seen In FIG. 5. The 
heating dies 48 and 60 are engaged with the ends 
38 and 32 of nail 40 of FI<L 4 and pressure and 
heat are applied thereto to soften the ends 36 and 
S2 and then deform them to the shape shown in 
FIG. 5. Then the heating dies 43 and SO are 
removed. 

it will be appreciated that the process de- 
jjcrjbed above Is readily adapted to an automated 
procedure for placing a plurality of fasteners like 



the fastener 40 through the sheets 10 and 12. 

In one embotfment, the length of thermoplastic 
fastener materia] 30 would have Its tower end 
which was severed from the fastener 40 reshar- 
s paned, and fren the ultrasonic heating device 28 
would be moved to locaBy heat another area of the 
sheets 10 and 12 and the fastening process will be 
repeated 

The lower end of the length of fastener material 
io 30 may be mechanically sharpened wfth a device 
such a$ a pencil aharpencr or a rotary grinder. 

* The present invention hag particularly been de- 
veloped for use with very high strength, high tem« 
perature composite materials such as those con* 
structed from a matrix of polymer material from the 
polyarylen© sulfide family. Polysrylene sulfides are 
a femfly of aromatic sulfide polymers having the 
general formula (Aft-X-AfrS) rt . The aromatic unit 
may be a mono or polycyrfrc moiety and X may be 
ao ' selected from at least one of the groups O, S, SOa, 
CO, CCO. NCHOr etc h general, these polymer* 
are noted tor Jftefr excellent chemical reeisfcsice, 
good thermal stability and physical strength. 

The simplest member of the polyarytene aul- 
as fide family, which was utilised tor the examples set 
forth below, is polyphenylene sulfide which con- 
sists of a polymer backbone of alternating distrib- 
uted aromatic rings and divalent sulphur atoms. 
Polyphenylene sulfide Is a commercial engineering 
so thermoplastic resin that Is semi-cryatafllne. in nature 
with a glass transition temperature of 8§°C. and a 
crystalline melting point of 285°C. 

The thermoplastic fastener 40 Is preferably a 
carbon fiber or glass fiber reinforced pultruded 
se member formed by pulling continuous tows of car- 
bon fibers or gtess fibers Impregnated with pow- 
dered polyphenyleree sulfide through a heated 
shaping (Be to concolidste the thermoplastic ma- 
teria) and form the polyphenylene sulfide matrix 34 
<rc surrounding the carbon fiber reinforcing filaments 
38. Preferably, the fastener material 30 hsc e car- 
bon fiber content In a range of &out 90 to about 
75 weight percent The tndvidual fibers of the tows 
or filaments 36 will generally be continuous for the 
4& length of the fastener material 30, which may be 
many Inches long. Methods of manufacturing fiber 
reinforced thermoplastic rods and other such struc- 
tures are described in detail tn pending U. S« 
Patent Application Serial No. 584,418 filed March 8. 
60 1954, of Jamee E. O'Connor, end assigned to the 
assignee of the present Invention, the details of 
which are Incorporated herein by reference. 

Another member o? the polyarylene sulfide 
family which la preferred tor use with the present 
S3 Invention Is polyphenylene sulfide sulfone. Poly- 
phenylene sulfide sulfone can be produced In the 
manner described in U. S, Patent No. 4,301 ,274 to 
Campbell, assigned to the assignee of the present 
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Invention. This Is an amorphous material which 
does not have a tfstinet crystallfne melting point. 
When the first and second articles 10 and 12 are 
constructed of polyphenytene sulfide euffone, they 
are heated to a point sufficient to soften them so 
that the nail 40 can be driven therethrough. Prefer- 
abfy. polyphenylene sulfide sulfone sheets 10 and 
12 would have the areas 20 and 22 heated to a 
temperature in the range of about 320*C. to about 
370*C. 



Example No. 1 

First and second sheets 10 and 12 of stamped 
glass fiber reinforced poJyphanylene sulfide ma- 
terial having a thickness of approximately 0.065 
inch were placed adjacent each other as Illustrated 
in FKa* 1. A puftruded carbon fiber reinforced poly- 
phenyiane sulfide rod having a diameter of 1/4 Inch 
was sharpened to a point at one end. Localized 
areas 20 and 22 having a diameter of approxi- 
mately a/8 inch were heated with an ultrasonic 
heating device until they were In a semi-molten 
softened state. The areas 20 and 22 were heated 
to a temperature In the range of about 300* C. to 
about 350*0. The heating device was then re- 
moved and the sharpened rod was driven through 
the heated areas 20 and 22 wtth a hammer. Upon 
cooling of the sheets 10 and 12. It was observed, 
that the nail 40 was locked In place due to thermo- 
plastic melting and resolidifying, fusion, at the 
contact of outer surface 42 of nail 40 wifr the 
sheets 10 and 12. 



Example No. 2 

A 1/4-inch diameter carbon fiber reinforced purt- 
truded polyphenylene sulfide rod like that de- 
scribed In Example No. 1 was sharpened to a 
point An ultrasonic gun was used to locally heat an 
approximately 3/8-inch diameter area of a glass 
fiber reinforced polyphenylene suiflde composite 
sheet approximately 0,250 Inch thick until It wm 
softened. The sheet was heated to a temperature In 
the range of about 300 fl C. to 350-C. Upon removal 
of the ultrasonic heating device, this sharpened rod 
wea driven through the heated area with a hammer 
and than cut off approximately 1/4-ineh above the 
surface of tie sheet The ultrasonic device was 
then used to melt the polyphenylerve sulfide matrix 
In the protruding stub and the stub was then flat- 
tened and flared to make a circular head larger In 
diameter than the body of the rod The same 
heating and flattening process was then carried out 
on the sharpened point protruding from the op- 
posite side of the sheet The rivet was fused to the 



sheet due to the thermoplastic melting and re* 
sofldifying of the cylindrical contacting surfaces of 
the rod and sheet Additionally, the enlarged heads 
were fused to the upper and lower surfaces of the • 
5 sheet. 



Alternative Embodiments of F1Q8. 7 And 8 

tp Alternatively, as frustrated in FIGS. 7 and 8, 
the fiber reinforced fastener material msy be pro* 
vtded In the form of prefabricated nails or rivets €2 
. having a preformed" enlarged diameter head 54 
defined on one end thereof with a sharpened point 

is 58 defined on the other end thereof. 

Portions 20 and 22 of the sheet* 10 and 12 are 
ultrasonicafty heated as previously desertoed wtth 
regard to FIG* 2, and then the prefabricated fiber 
reinforced thermoplastic composite nail 62 is driven 

20 downward through the heated portions 20 and 22 
m Illustrated in FIG. 7 until the preformed head 54 
abuts the upper surface 28 of sheet 10. 

As previously described, an outer surface 58 of 
naif 52 win be fused to the sheets 10 and -12 at Its 

25 surfaces of contact with the sheets 10 and 12 
wfthln the heated areas 20 and 22, 

Subsequently, the sharpened lower end 58 of 
nail 52 can be heated to soften It, and then it can 
be deformed in a manner Ilka that previously de- 

$0 scribed with regard to Fi3< 6 to postform an en- 
larged head 80 on the lower end thereof as frus- 
trated fn FIG. 8. The poetformed enlarged head 60 
will be fused to tower surface 62 of sheet 12, 

as 

Alternative Embodiment Of HQ. fl 

Another alternative embodiment of the present 
Invention Is Illustrated in FIG. 9 wherein a single 

40 sheet 10 of thermoplastic material has been at- 
tached to a non-thermoplastic underlying substrate 
84, which may, for example, be a wooden sub- 
strate, with a thermoplastic nail 52 like that pre- 
viously described with regard to FIG, 7. 

^9 The thermoplastic sheet 10 Is placed against 
the substrate 64 and the portion 20 la heated with 
an ultrasonic device euch as previously described 
with reference to FIG. 2. 

Then the thermoplastic nail 62 having the 

90 preformed head 54 thereon like previously de- 
scribed with regard to FIG. 7 has its sharpened end 
56 driven through the heated portion 20 of sheet 10 
and into the underlying wooden substrate 64. Upon 
cooling of the heated portion 20, the thermoplastic 

$6 article 10 Is locked to the nail 52 by fusion thereof 
with the surface 58 of nail 52. Additionally, the 
enlarged head 54 of nail 52 mechanically holds the 
sheet 10 in place, 
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it wfll bo appreciated that with this alternative 
embodiment, £ nail such as the mil 40 without a 
preformed head thereon can be utHiasd and can 
satisfactorily attach the sheet 10 to the underlying 
substrate 84 even wlftout the pre or pcstformsflon 
of an enlarged heed on the nail 40, simply by the 
befcing mechanism provided by fusion of surface 
42 of the nail 40 with the heated ansa SO of sheet 
10, 



Alternative Embodiment O* HQS. 1_Q And 11 

One particular situation tn which the present 
Invention is useful Is tor Joining @ thsrmoplastfc 
sheet to a metal sheet such as aluminum or 
titanium In en aircraft frame or similar application. 

In FIG. 10, a thsrmoprasttc first shset 10 hsa 
been isld upon & metal second shsst 70 having an 
aperture 72 formed tfterethrough* Thwth© tfiermo- 
plastic sheet 10 has had the email porQon 20 
heated with an ultrasonic device such as previously 
described with reference to PIG. 2. 

Then the thermoplastic nail having the prefab 
med heed 64 thereon Ifee previously described 
with regard to FIG. 7 has Its sharpened end 58 
driven through the nested portion SO of sheet 10 
end through the aperture 72 of metallic sheet 70. 
Upon cooling of the hasted portion 30. the thermo- 
pfeatte sheet 10 is tooted to the noli 62 by fusion 
thereof with the aurfaos §8 of nail SS. 

Th© enlarged head 80 is Sen formed on the 
sharpened ©«d of ft© nail 32 to hold the metallic 
sheet 70 in pteeo against the thermoplastic sheet 
10. Head &Q may be formed with the utoasonlcslly 
hasted head forming die 50 of FKk S. 

White all of the various embodiments of the 
invention discussed above have flluotreted and dls- 
cussed a soGd thermoplastic sheet 10 which has e 
solid hosted portion 20 through which the shan* 
pened fastener Is driven. It Is also wHMn the scope 
of the present invention to provide a preformed 
aperture (not shown) In the thermoplastic sheet 10 
to function as a pilot hole. R is still contemplated 
that foe thermoplastic sheet 10 would have the 
portion 20 thereof heated around the preformed 
pilot hole prior to driving or otherwise positioning 
the tharmopiasflc fastener through the pilot hole of 
the sheet 10. 

Also, In the various ombodimente discussed 
above, the fastener has been described In all In- 
stances ss having a sharpened end that Is driven 
through the thermoplastic sheets* R Is within the 
scope of the present Invention, however, to drive a 
non-sharpened end of the thermoplastic fastener 
through a heated portion of a thermoplastic sheet, 
(t will be appreciated that sharpness Is e question 
of degree, and the greater the extent to which the 



thermeptesfie sheet has been softened by preheat- 
ing, the less sharp the fastener needs to be before * 
tt can be driven through the softened thermoplastic 
sheet 

s Thus it re seen that the artistes and methods of 
the present invention readily achieve the ends and 
advantages mentioned as well as those inherent 
therein. 

70 

Claims 

1 * A fastener, comprising: 
a plurality of substantially parallel reinforcing 
rs filaments in a matrix of thermoplastic material de- 
fitting on elongated shape having a first end and a 
second end and a longitudinal aste extending be- 
tween the ftrot and and the second end, oaid eub» 
atertlDDy parallel reinforcing filaments being sub- 
so stentlaOy parallel to said longitudinal exte, and said 
faeterter being provided whh a point at the first end. 
2. Tha fastener of claim 1, wherein: 

said thermoplastic meSsrial- comprises si 
polyerytene Ouffide material, 
as 3 The fastener of cfcJm 2, wherein; 

S&id reinforcing fflemente are continuous tows 
of carbon fibers, and said fastener has & carbon 
fiber content in a range of about SO to 76 weight 
' percent. 

so 4. The fastener of clefoa 2, wherein: 

said reinforcing filaments are continuouo tows 
o? glass fibers, and ssiid fastener has & glass fiber 
content en a range of about 50 to 75 weight per* 
cent . 

S3 5. The fastener ot claim 1, having a preformed 
enlarged head on a second end thereof'. 
8. A structure, comprising: 
a first substantially planar sheet Including a 
thermoplastic matrfr with a plurality of- reinforcing 
40 fibers held in said matrix, said fibers lying substan- 
tially flat in aald sheet 

a second substantially planar sheet at least 
portly overlying and contacting said first sheet; and 
q rivet Including a plurality of substantially 
«s parallel reinforcing filaments In a thermoplastic ma- 
trix, said filaments of said rivet being substantially 
parallel to a length of aasd rivet, said rive* penetrate 
Ing through said first sheet and said second oheet 
wfth Its length oriented substantially perpendicular 
so to the plane of said sheets, and said rivet having a 
first enlarged end contacting the first sheet and a 
second enlarged end contacting the second sheet 
7. The structure of claim 8, wherein the ther- 
moplastic matrix of said first sheet and the themno- 
55 plastic matrix of said rivet comprises a polyarylene 
sulfide material. 
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8. The structure of claim 7, wherein said par- 
allel reinforcing filaments of said rivet are continu- 
ous tows of carbon fibers, and said rivet has a 
carton fiber content in e range of about 50 to 75 
weight percent 

8. The structure of claim 7, wherein said par* 
aJEel reinforcing filaments of said rivet are continu- 
ous tows of glass fibers, end sak) rivet has a glass 
fiber content in e range of about 50 to 75 weight 
percent 

10. The tixuctuTQ of claim 8, wherein: 

said second shest also includes a thermoplas- 
tic matrix with a plurality of reinforcing fibers heW 
in said matrix, said fibers lying substantially flat in 
said second ehest 

11 . The structure of claim 10, wherein: 

said first enlarged end and said second 
enlarged end are fused to said first sheet and said 
second sheet respectively. 

12. A method of Joining thermoplastic articles, 
ssid method comprising the steps of: 

(a) piecing a first thermoplastic article 
against a second thermoplastic article thereby de- 
fining on interface between said first thermoplastic 
articte and said second thermoplastic article; 

(b) heating adjacent portions of said first 
thermoplastic article end said second thermoplastic 
article bordering the interface; 

(c) positioning a portion of a fastener raving 
a first end and a second end in the heated portions 
of said first thermoplastic article ©id said second 
thermoplastic article, s&id 'fastener extending 
across the interface; and 

(d) cooSng the heated portions of said first 
thermoplastic article and said second thermoplastic 
article to secure said festener to said first thermo- 
plastic article and said second thermoplastic article. 

13. The method of cte3m 12, wherein: 

step (c) is further characterized in that said 
thermoplastic fastener comprises a fiber reinforced 
pultruded thermoplastic nail having a sharpened 
first end, end said thermoplastic nail is driven 
through the heated portions of. said first thermo- 
plastic article and said second thermoplastic ©tele. 

14. The method of claim 13, wherein: 

said thermoplastic nail comprises a 
polyarytene sulfide material. 

15. The method of claim 14, wherein: 

said thermoplastic nail is reinforced by 
substantially parallel carbon fibers, such that the 
nail has a carbon fiber content in a range of about 
50 to 75 weight percent or wherein: 

said thermoplastic nail la reinforced by 
substantially parallel glass fibers, "such that the nail 
has a glass fiber content in a range of about 50 to 
75 weight percent 



16. The method of claim 15, wherein: 
said first thermoplastic article end said second 

thermoplastic article comprise a polyarytene sulfide 

material. 

s 17. The method of claim 18, wherein: 

• said polyarytene sulfide materia) of said first 
thermoplastic article aid said second thermoplastic 
article and of said nail comprises polyphenytene 
sulfide; and 

w stop (b) Is further characterised as heating said 
adjacent portions to a temperature sufficient to 
soften saki edjecent portions, In particular to a 
temperature In a range of about 300°C to about 
350°C, preferably In a range of about 320°C to 
is about 370°C. 

18. The method of claim 12, wherein: 

step (b) Is further characterised as ut- 
trasonicaily heating saSd portions. 

18. The method of claim 12. wherein: 
so step (c) is further characterized in that said 

fastener is elongated and has a transverse cross- 
sectional area; and 

step (b) is further characterised as locally 
heating relatively small adjacent portions larger 
as than the transversa cross-sectional area of said 
fastener. 

20. The method of claim 23 wherein step (b) 
Includes the steps ot 

contacting at least one of said portions with an 
so ultrasonic heating device to heat said portions; and 
then removing said heating device. 

21. The method of deim 12, wherein: 

step (d) is further characterized as coding said 
heated portions under substantially ambient atmo- 
95 spheric conditions. 

22. The method of ctelm 12, wherein: 

step (c) Is further characterised In that said 
fastener comprises a thermoplastic material and 
said fastener is positioned so that at least a first 
<w end portion thereof having said first end defined 
thereon protrudes from a surtece of the first ther- 
moplastic article; and 

said method further comprises the step at 
(e) after step (c), heating said first end portion 
<J5 of said fastener sufficiently to soften the first end 
portion of said fastener and then postformlng the 
softened first end portion into an enlarged head, in 
particular wherein said enlarged head is fused to 
said first thermoplastic article, 
so 23. The method of claim 22, wherein: 

step (c) is further characterized in that said 
fastener is positioned so that a second end portion 
thereof having said second end defined thereon 
protrudes from a surface of said second therrno- 
65 plastic article; and 

said method further comprises the step of. 

(f) after step (c), severing a first part of the 
second end portion from sakj fastener to define a 
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second part of the second end portion protruding 
from the surface of the second thermoplastic artn 
da, then heating said second part of the second 
end portion of said fastener sufficiently to soften 
the second part of the second end portion, end 
then postformfng me second part of the second 
end portion into a second enlarged head 

24. IhQ method of daim 22, wherein: 

step (c) is further characterized in that said 
fastener is positioned so that a second end portion 
thereof protrudes from a surface of the second 
thermoplastic article, said second end portion hav- 
ing q preformed enlarged head thereon defining 
said second end of add fastener. 

25. The method of ddm 12, wherein: 

said fastener and said Ertides comprise the 
seme type of thermoplastic material; 

step Ob) te further cherecterfeod in that said 
ad^cerrt portions are heated to at least a softening 
temperature of said thermoplastic material; and 

step (d) is further characterized in that said 
fastertsr is fused to said first thermoplastic article 
and said second thermopSastic article. 

26. A method of joining articles, said method 
comprising the steps of; 

(a) placing a first artide egamst a second 

article; 

(b) providing a length of thermopSastic fas- 
tener material having a sharpened end; 

(c) driving the sharpened end of said length 
of fastener material through said first article and 
said second article so that the fastener material 
connects the first article with the second article; 

(d) severing seed length of fastener material 
on a side of said first article and said second article 
opposite said sharpened end, to thus define a 
second end of a severed rivet extending through 
said first article and said second article; 

(e) after step (d), heating said sharpened 
end and raid second end of said severed rivot to 
soften the ends of the severed rivet end then 
forming enlarged heads on both ends thereof; and 

(f) repeating steps (bHe) as necessary vrith 
the same or a. different length of thermoplastic 
material to provide a plurality of thermoplastic riv- 
©ts Joining said first article and eatd second article. 

27. The method of claim 28, wherein: 

said length of fastener material comprises a 
plurality of substantially paraQel reinforcing fibers in 
a matrix of thermoplastic material, said thermoplas- 
tic material preferably comprising a potyaryEsne 
sulfide material. 

28- The method of daim 26,wrtsrein: 
step (a) Is further characterized in that said 
first article is a thermoplastic first article, and said 
second article is a thermoplastic second article. 



28. The method of dam 24, further comprising 
the step of. 

(g) prior to step (c), heating adjacent areas of 
said first thermoplastic artide and said second 
s thermoplastic article; and wherein 

step (c) Is further characterized as driving said 
sharpened end through said heated portions of said 
first thermoplastic article and said second thermo- 
p&stic article; and 
to step (f) Is further characterised as repeating 

step (g) and steps (bHe). 

30. The method. of claim 28, wherein: 

step (g). is further characterised as locally 
heating relatively small adjacent portions larger In 
75 cross-SQctionai area than a transverse cross-sec- 
tional area of said length of fastener materiel, 
in particular wherein step (g) indudee steps of: 
contacting st least one of said portions with an 
ultrasonic heating device to heat said portions; and 
so then removing add heating device. 

31. A method of attaching a thermoplastic arti- 
cle to a substrate, @£d method comprising the 
steps ot 

(a) placing said thermoplastic article against 
S3 said substrate; 

(b) heating & localised portion of foe thermo- 
plastic artide; 

<c) positioning a thermoplastic fastener 
through said heated portion of said thermoplastic 
so artide and into saEd substrate; and 

(d) cooling said heated portion thereby se- 
curing ss3d thermoplastic artide to said fastener 
and thus to said substrate. 

32. The method of daim 31, wherein: 

35 step (c) is further characterized in that said 

thermoplastic artide has a sharpened end, and said 
positioning step comprises driving said sharpened 
end of saEd thermoplastic fastens* through said 
heated portion of said thermopSastic artide and into 

40 said substrate. 

33. The mefood of claim 31, wherein: 

step (c) is further characterized In that said 
thermoplastic fastener has a longitudinal axis and 
includes a plurality of substantially parallel reJnfcro 
45 ing filaments, substantially parallel to said longitudi- 
nal sods, in a matrix of thermoplastic material 

in particular wherein step (c) is further 
characterized in that said fastener has a point on a 
first end thereof and a preformed enlarged head on 
so a second end thereof. 

34. The method of claim 31, said thermoplastic 
article being a thermoplastic first sheet and said 
substrate being a second sheet, wherein: 

step (c) is further characterized as positioning 
65 said thermoplastic fastener through said heated 
portion of said thermoplastic first sheet ami through 
said second sheet. 

In particular wherein said second sheet is a 
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thermoplastic second sheet and step (b) Is further 
characterized as heating said localized portion of 
the thermoplastic first sheet and a portion of the 
thermoplastic second sheet 
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